Background: An irregular, non--contrast-enhanced area shown on postcontrast computed tomography (CT) or postcontrast magnetic resonance imaging (MRI) in cases of non-Hodgkin's lymphoma (N HL) may indicate that the primary tumor hqs a high degree of malignancy. This study was planned to determine whether this indicated a poor prognosis. Methods: Fifty-six patients with NHL (32 males and 24 females) underwent diagnostic imaging; the internal characteristics of the primary lesion were evaluated retrospectively by 2 radiologists. Postcontrast CT with 2 mL/kg of contrast medium wa~ performed in 46 cases during the equilibrium phase, and postcontrast MRI was also performed in 10 cases by the spin echo method following an 0.1 mmol/kg intravenous injection of gadopentetate. Results: Ten (1 7.8%) of the 56 cases with NHL showed an irregular non-contrast-enhanced area. The 5-year survival rate for cases with homogeneous enhancement was 77.5%, while the actuarial survival rate at 44 months for cases with an irregular non-contrast-enhanced area was 25.4% (P< 0.005). From the results of multivariate analysis using Cox's regression model for 11 factors (internal characteristics, sex, age, clinical stage, primary site, size, lactic dehydrogenase value, systemic symptoms, cell marker, histopathologic criteria, and therapy), symptoms (P = 0.0001 ) and internal characteristics (P = 0.0164) were selected as the variants affecting the prognosis. No correlations were found between internal characteristics and other variants. Conclusion: Contrast CT or MRI should be evaluated before treatment, as the presence of an irregular non-contrast-enhanced area indicates a poor prognosis.
INTRODUCTION
Several reports have shown that lymphomas with an irregular, non-contrast-enhanced area inside the lesion have a higher malignancy and a poorer prognosis than lymphomas that show homogeneous contrast enhancement on computed tomography (CT) or magnetic resonance imaging (MRI). 1,2 However, there has been insufficient investigation concerning the correlation to other background factors such as clinical stage, lesion size, and primary site, and concerning the independence of non-contrast-enhanced areas as a prognostic factor. In this paper, we report the results of multivariate analysis performed to determine the clinical significance of image findings showing an irregular, non-contrast-
PATIENTS AND METHODS
NHL was histopathologically diagnosed in 56 patients, who had CT and MRI scans before treatment. Patient characteristics are shown in Table 1 . The patients were 32 males and 24 females, with an age distribution of 10 to 84 years (mean, 58.6). The distribution of clinical stages, according to the Ann Arbor classification, 3 were stage I, 19 cases; stage II, 19 cases; stage III, 8 cases; and stage IV, 10 cases. The histopathologic criteria were based on the working formulation.
There were 4 methods of treatment: radiotherapy alone, radiotherapy followed by chemotherapy, chemotherapy followed by radiotherapy, and chemotherapy alone. Patients in the radiotherapy alone group and radiotherapy followed by chemotherapy group were irradiated locally at a dose of 60 gray/30 fractions/6 to 7 NHL with Non Contrast-Enhanced Area weeks (60 Gy/30 f/6 to 7 wk), generally with cobalt 60 g a m m a rays. Subsequent chemotherapy consisted of 3 to 5 courses of mainly vincristine, cyclophosphamide, procarbazine, and prednisone (VEPP) or cyclophosphamide, vincristine, and prednisone treatment. In the groups in which chemotherapy was performed first or only chemotherapy was performed, the treatment consisted of 2 to 7 courses of bleomycin, doxorubicin, cyclophosphamide, vincristine, and prednisone; cyclophosphamide, doxorubicin, vincristine, and prednisone; or prednisone, methotrexate, calcium leucovorin, doxorubicin, c y c l o p h o s p h a m i d e , and e t o p o s i d e with cytaBOM ( p r o M A C E -c y t a B O M : prednisone, calcium leucovorin, doxorubicin, cyclophosphamide, cytarabine, pepleomycin, vincristine, and methotrexate). In these groups, the dose of radiation, given after chemotherapy, was 40 Gy/20 f/5 wk.
Diagnostic imaging was performed on all patients before treatment, and the internal characteristics of the primary lesion on C T and M R I images were evaluated retrospectively by 2 radiology specialists. C T images were used for the evaluation in 46 cases, and M R I images were used in 10 cases in which no C T scan had been performed. For the C T imaging, 2 mL/kg of nonionic contrast m e d i u m was used, and the C T was performed during the equilibrium phase. A 1.5 T superconducting machine was used for MRI, which was also performed in the equilibrium phase by the spin echo method at Tl-weighted imaging ( T R 500 m s / T E 15 ms) following an 0.1 mmol/kg intravenous injection of gadopentetate. A T2-weighted imaging was not used as a rule for evaluation reference.
Statistical Analysis
Statistical significance was determined by the chi-square test (including a correction factor) and Fisher's direct probability method. We used the Kaplan-Meier method for calculating the survival rate, the log-rank test for assessing significant differences, and Cox's multiregression life table for multivariate analysis. A difference of P < 0.05 was considered to be statistically significant.
RESULTS
A C T scan showing a homogeneous contrast enhancement inside a lesion and an M R I scan showing an irregular, non-contrast-enhanced area inside a lesion are depicted in Figs. 1 and 2 , respectively. T e n of the 56 patients (17.9%) in this study showed an irregular, n o ncontrast-enhanced area inside the lesion.
As for the relation between the presence or absence of a non-contrast-enhanced area and a complete remission after treatment, the results showed that a complete remission was not obtained in 8.7% (4/46) of the patients with a homogeneous contrast area. In patients with a non-contrast-enhanced area, the percentage of unsuccessful remissions was much higher at 30% (3/10 cases), although this difference was not statistically significant (0.05 < P< 0.1). The recurrence rate was 35.7% in patients with a homogeneous contrast area (15/42 patients with a complete remission), and a much higher 57.1% in patients with a non-contrast-enhanced area (4/ 7 patients with a complete remission). However, a significant difference was not found. A significant difference (P< 0.005), however, was found in the survival rates between the 2 groups. The 5-year survival rate of patients with a homogeneous contrast area was 77.5%, whereas the survival rate of patients with a non-contrast-enhanced area at 44 months was only 25.4% (Fig. 3) . Figure 4 shows the relapse-free survival rates. A significant difference (P < 0.05) in the relapse-free survival rates was seen between the 2 groups: 63.2% of the patients with a homogeneous contrast area survived for 5 years versus 0% at 34 months for the patients with a non-contrast-enhanced area.
Multivariate analysis was done for the following 11 factors: sex, age, clinical stage, presence or absence of symptoms, primary site, size of the lesion, lactic dehydrogenase value, histopathologic criteria, character of cell surface, method of treatment, and the internal characteristics of the lesion (ie, presence/absence of a non-contrast-enhanced area). The results showed that the presence or absence of symptoms and the internal characteristics of the lesion had significant effects on the prognosis (P = 0.0001 and P = 0.0164, respectively) ( Table 2) . A clear correlation was not found between the internal characteristics of the lesion and the other factors (Table 1) . Hodgkin's disease, necrosis was seen in 21% of the lymph nodes. In the present investigation, a non-contrast-enhanced area was seen in 17.8% of the cases. A simple comparison to the results of past studies, however, is thought to be difficult because of differences in the patients and background factors. The irregular, non-contrast-enhanced area in images has been attributed to an outgrowth of necrotic region and fibrous connective tissue. 4 However, according to Rehn et al., 1 the frequency of heterogeneous contrast enhancement is very high in cases where there is necrosis inside the lesion, but only 27% in cases with no necrosis. Also, heterogeneous contrast enhancement is seen in 30% of cases with no fibrous tissue or only a slight degree of fibrous tissue. In this study, although we could not compare the histopathologic and image findings for all patients, it seemed that cases that showed a non-contrast-enhanced area had relatively extensive necrosis. The peculiarities of the disease are given as one reason why it is difficult to compare histopathologic and image findings.
Chemotherapy, radiotherapy, or a combination of both are the usual methods for treating malignant lymphomas. Therefore, surgical resection is rarely chosen as the method of treatment. The final diagnosis is generally based on the results of a biopsy, which is easy to perform if the primary lesion is in a region such as the NCEA, non-contrast-enhanced area; XRT, x-ray therapy; chemo, chemotherapy; (+), present; (-), absent; LDH, lactic dehydrogenase; WNL, within normal limits; XRT, radiation therapy, amaximum diameter. palatine tonsil or body surface organs, but more difficult to perform when the primary lesion exists in the deep thoracal or abdominal regions. However, even if a biopsy sample is taken from the primary lesion, resection of the whole primary focus is rarely performed, and in many cases, a sample of sufficient size for comparison cannot be obtained. Thus, an accumulation of data from further case studies is needed to do a more detailed comparison of the internal characteristics of the lesion and the histopathologic findings. The purpose of the present investigation was to determine whether an accurate prognosis can be made based on the image findings. If information is available to determine the prognosis before commencing treatment for malignant lymphomas, this information would be very useful for choosing the appropriate method of treatment. From their investigation of NHL cases including high-and low-grade malignant groups, Rehn et al. x found that the prognosis was poor in cases that showed a non-contrast-enhanced area inside the lesion compared with those that did not, although there was no significant difference between cases with and without a non-contrast-enhanced area in the high-grade malignant group. Hopper et al. 5 reported that there was no significant difference in the survival rates or remission periods between patients with mediastinal Hodgkin's disease with a non-contrast-enhanced area and those without a non-contrast-enhanced area. In this study, although a clear difference was not found in the frequencies of a non-contrast-enhanced area according to the histopathologic degree of malignancy, there was a significant difference in survival rates depending on the presence or absence of a non-contrast-enhanced area. In addition, the results of multivariate analysis showed the independence of the internal characteristics (presence or absence of a non-contrast-enhanced area) as a factor in determining the prognosis.
These differences in the prognosis may be explained by (1) the possibility of high-grade malignancy in the lesion itself that is not indicated by the histopathologic type; (2) the possibility that malignancy increases arithmetically or synergistically in association with other background factors; or (3) the possibility that the noncontrast-enhanced area may not respond sufficiently to treatment.
Regarding the malignancy of the lesion itself, Som 6 reported that lymph stream obstruction and necr6sis occur easily in lymph nodes, which have a fast rate of lesion proliferation. This seems to indicate that lymph nodes with an irregular, non-contrast-enhanced area are more malignant.
Previously, we also investigated the factors that affect the prognosis of NHL, using univariate and multivariate analysis. 7-9 The results showed that the main factors affecting the prognosis are age, size of the lesion, site of first occurrence, histopathologic criteria, clinical stage, lactic dehydrogenase value, presence or absence Saitoh et al. of symptoms, and method of treatment. It was thought that some of these factors were correlated with the internal characteristics of the lesion. However, the resuits of this investigation failed to show any clear correlation between any of the background factors. Rehn et al. 1 and Amano et al. 2 reported that they could not find any correlation between the size of the lymph node and the internal characteristics of the lesion. Although it has been reported that many lymphomas show a noncontrast-enhanced area in cases ofmediastinal Hodgkin's disease, 1~ the few studies so far conducted on NHL (including the present study) failed to show any such tendency. 1,2 However, it has been shown that images of "pyothorax-associated lymphomas, ''12 including the 1 case in this study, show extensive degeneration and necrosis in the lesion, and the prognosis is extremely poor. 13 Only a small degree of necrosis 4 and a good prognosis 14 have been reported for cases of thyroid malignant lymphomas, which is interesting from the point of view of the relationship among organ sites, image findings, and prognosis. It has also been reported that in malignant lymphomas with the primary site in the brain, the frequency of a non-contrast-enhanced area inside the lesion is high in cases complicated by AIDS, 15 whereas a non-contrast-enhanced region can be seen in only 13% to16.6% 15,16 of non-AIDS cases. Thus, complications are also thought to affect the differences in the frequency of a non-contrast-enhanced area.
As for the response to treatment, it has been reported that in cases of lesions with a non-contrast-enhanced area the main response is the non-contrast-enhanced area itself2; therefore, the existence of a non-contrastenhanced region does not in itself necessarily indicate resistance to treatment. Oliver et al., 17 who investigated changes in the CT image after treatment, reported that after treatment the lesion showed no tendency to grow, and there was a good prognosis in cases where the internal characteristics of the lesion had changed due to necrosis or fat substitution. However, further investigation is needed to clarify points such as how the image changes after treatment in the case of lesions with a noncontrast-enhanced area, whether there are any histopathologic differences in the non-contrast-enhanced areas, and what is the relationship to treatment and prognosis.
In conclusion, a total of 17.8% of the NHL cases investigated in this study showed an irregular, noncontrast-enhanced area inside the primary lesion, and the prognosis for these cases was poor compared with the prognosis for cases that showed homogeneous contrast enhancement on CT or MRI images. The results of multivariate analysis also indicated that the presence of a non-contrast-enhanced area inside the lesion is an important factor affecting the prognosis. Thus, determining the characteristics inside the lesion by CT or MRI imaging may be important for determining an accurate prognosis.
